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Description 

[Colorant Removal from Polymeric 

Fibers] 

Background of Invention Articles produced from virgin 
polymers are typically colored for both practical and aesthetic 
reasons. polyolefin fibers and articles other than fibers 
typically have colorants dispersed throughout the polymeric 
material by a process of adding the colorant to the molten 
polymer. polyester, nylon 6, and nylon 6,6 fibers are typically 
colored by dyeing the surface of the already-formed fibers 
usually in an aqueous medium. one significant limitation to the 
utility of recycled polymer derived from post-consumer fibers is 
the color difference between virgin polymer and recycled 
polymer. the dyes on the surface of recycled polymeric fibers 
may significantly decrease the suitability of the constituent 
polymer for reuse because color is not necessarily removed 
during conventional recycling processes. a process directed to 
the removal of surface colorants is applicable only to certain 
polymeric fibers. however, substantial quantities of nylon 6 and 
Nylon 6,6 polyamide fibers from post consumer carpet are 
potentially available for recycle. approximately 40% of the 
face fibers in post residential carpet waste in the united states 



IS SURFACE DYED NYLON 6, WHILE ANOTHER 40% IS SURFACE DYED 

Nylon 6,6. Processes for stripping dyes from fabric include U.S. 
Patent 4,227,881 (Fono) which discloses a process for stripping 
dyes from textile fabric involving heating an aqueous solution of 
an ammonium salt, a sulfite salt and an organic sulfonate, such 
as sodium hydroxymethane sulfonate, to at least 60 degrees 
Celsius and adding the dyed fabric to the heated solution while 
maintaining the temperature of the solution. among other 
disadvantages, this process is believed to result in less that 
satisfactory colorant removal. u.s. patent 4,783,193 (pensa) 
teaches a process for stripping color from synthetic polymer 
products by contacting the colored polymer with a chemical 
system including unstable aqueous dispersions of alkyl halides 
and solutions of bleaching/oxidizing agents to which specified 
quantities of acids and surfactant/wetting agents are added. the 
use of this chemical system may restrict the recyclability of the 
decolorized polymeric materials. u.s. patent 5,989,296 (patton) 
teaches a process for removing indigo dye from denim scrap by 
extracting the fabric with an organic solvent such as 
1 ,1 ,2-trichloroethane in which the indigo dye is soluble at 
elevated temperatures, the solvent is cooled and extracted with 
an aqueous phase containing a reducing agent, and the aqueous 
phase is treated to oxidize and recover the indigo dye. this 
process is applicable only to indigo dyes. u.s. patent 6,083,283 
(berkstresser, iv) teaches a process for removing color and 
extracting dyes from polymeric materials by contacting them 



with a swelling agent under conditions such that the swelling 
agent interrupts the molecular forces within the polymer matrix 
and opens the polymer structure sufficiently to remove natural 
and synthetic pigments dispersed throughout a polymeric article. 
Thus, this process may have wide applicability for colored 
polymeric articles other than surface dyed fibers. the use of 
swelling agents which penetrate throughout the polymer matrix 
to remove surface dyes is undesirable because completely 
removing the swelling agents after decolorization of the fiber 
would be expected to involve more extensive washing than 
necessary for removal of a non-swelling colorant removal 
agent. thus an unmet need exists for a cost-effective and 
environmentally friendly process for removing surface colorant 
from synthetic polymeric fibers without degrading the 
constituent polymer, or otherwise compromising the polymeric 
material's suitability for recycling and re-use. this unmet need 
exists particularly for a process to remove surface colorants 
from the Nylon 6 and Nylon 6,6 components of post-residential 
waste carpet. a process that can be conducted at atmospheric 
pressure is most attractive. 

[0001] 

Summary of Invention The present invention is directed to a 
cost-effective and environmentally friendly process for 
removing surface stains and dye-imparted color from colored 
polymeric fibers. the process and composition of the present 



invention are particularly useful in the recycling of 
thermoplastic fibrous materials. materials decolorized by the 
process of the present invention may be utilized in place of, or 
blended with, virgin thermoplastics in any known thermoplastics 
applications including extruding the melted material to form 
fiber which may be colored. it was unexpectedly discovered that 
a dye or other colorant can be substantially removed from the 
surface of polymeric materials, particularly fibers, by 
contacting the materials with an organic ester solvent stripping 
composition containing a cyclic ester, particularly ethylene 
carbonate, propylene carbonate, or butylene carbonate, at a 
temperature below the boiling temperature of the ester solvent 
stripping composition to effect the release of dye or other 
colorant from the surface of the polymer. thus the process can 
be carried out at ambient pressure. u.s. patent application 
10/708,479 (Mauldin) discloses that polyester polymer is 
decomposed when heated in the presence of a cyclic ester such 
as propylene carbonate to form an admixture having utility as an 
industrial solvent. this novel solvent composition has been found 
to remove colorants from the surface of polyamide polymer 
fibers. in this embodiment of the invention, the colored polyamide 
fibers are contacted with the ester solvent stripping composition 
at a temperature between about 90 degrees celsius and about 
210 degrees Celsius. The process of the present invention 
includes contacting colored polyamide fibers with at least one 
ester solvent stripping composition under conditions sufficient 



to effect release of colorant from the surface of the fibers. 
The process is especially useful for quickly and thoroughly 
removing colorants from surface dyed polyamide fibers as part 
of a recycling process for such fibers. colorants are 
considered to be any dye, pigment or colored composition or 
combinations thereof that may intentionally or accidentally 
color or stain polymeric materials, while dyes are considered to 
be organic materials which impart color to a polymer and which 
bond to the polymer surface primarily by ionic mechanisms. the 
process of the present invention removes colorants from the 
surface of polyamide fibers without substantially degrading 
Nylon 6 or Nylon 6,6 polyamide polymers, thus allowing for their 
recovery and reuse. in one embodiment of the present invention, a 
process for recycling colored polyamide fibers comprises the 
steps of shearing or cutting nylon 6 or nylon 6,6 face fibers 
from post consumer carpet waste, then contacting the colored 
polyamide fibers with an ester stripping solvent composition at a 
temperature effective to remove colorant from the surface of 
the polymeric material. in another embodiment, a process for 
recycling colored polyamide fibers comprises the steps of 
shredding the entire carpet and grinding the face fibers and 
backing components to yield individual fibers commingled with 
discrete particles of backing materials, then separating the 
fibers from the non-fibrous components before contacting the 
colored polyamide fibers with an ester stripping solvent 
composition at a temperature effective to remove colorant from 



the surface of the polymeric material. these two embodiments 
are especially useful in recycling the surface dyed polyamide 
face fiber component of post-consumer carpet. another 
embodiment of the process of the present invention which may 
permit more cost-effective recycling of the ester solvent 
stripping composition used to decolorize colored polyamide 
material comprises: (a) removal of colorant from colored 
polyamide fibers at an elevated temperature utilizing an ester 
solvent stripping composition further containing an alcohol that 
is immiscible in the ester component of the ester solvent stripping 
composition at ambient temperature; (b) cooling said solvent 
stripping composition to a temperature between about 20 degrees 
and about 90 degrees celsius to form an ester phase and an 
alcohol phase containing colorant; and (c) removing colorant 
from the alcohol phase through further separate processing 
while the ester phase is immediately available for reuse as a 
component of the ester solvent stripping composition. in 
practicing the present invention to decolorize the colored 
polymeric face fiber component of post consumer carpet waste, 
the process of decolorization should preferably be preceded by 
one or more of the preliminary steps of (a) physically 
segregating carpet pieces having nylon 6, or nylon 6,6 face 
fibers; (b) cleaning waste carpet pieces by mechanically 
separating dirt and other loosely- attach ed foreign materials; (c) 
cleaning waste carpet pieces by washing; (d) separating nylon 6 
or Nylon 6,6 face fibers from the backing of waste carpet by a 



METHOD SELECTED FROM THE GROUP CONSISTING OF MECHANICAL 
SHEARING, MELT-CUTTING WITH A HOT WIRE, MELT-CUTTING WITH A LASER, 
AND COMBINATIONS THEREOF; (E) SHREDDING CARPET PIECES FOLLOWED 
BY GRINDING TO LIBERATE FIBROUS COMPONENTS FROM NON-FIBROUS 
COMPONENTS AND AIR ELUTRIATION OR OTHER CLASSIFICATION TECHNIQUE 
TO SEPARATE THE FIBROUS COMPONENTS FROM THE NON-FIBROUS 
COMPONENTS; AND (F) CUTTING, SHEARING, OR GRINDING THE COLORED 
FIBERS OBTAINED FROM WASTE CARPET INTO FIBROUS PARTICLES HAVING 
REDUCED SIZE. THE PRESENT INVENTION HAS A NUMBER OF ADVANTAGES 
OVER PRIOR ART DECOLORIZATION METHODS. THE PRESENT INVENTION 
DOES NOT SUBSTANTIALLY DEGRADE THE POLYMER AND THEREFORE 
RECOVERED POLYMER CAN BE USED IN NEW POLYMERIC MATERIALS OR 
ARTICLES IN PLACE OF VIRGIN POLYMER. WHEN LADEN WITH COLORANTS 
THE SOLVENT STRIPPING COMPOSITIONS OF THE PRESENT INVENTION CAN 
BE REMOVED FROM THE POLYMER WITH RELATIVE EASE BECAUSE THE 
STRIPPING AGENT DOES NOT PENETRATE INTO THE FIBERS AND DISRUPT THE 
MOLECULAR FORCES WITHIN THE POLYMER MATRIX SUFFICIENTLY TO 
RESULT IN AN OPENING OF THE POLYMER STRUCTURE. COLORANTS 
SOLUBLE IN THE SOLVENT STRIPPING COMPOSITIONS OF THE PRESENT 
INVENTION AT ELEVATED TEMPERATURES CAN OFTEN BE PRECIPITATED 
FROM THE COMPOSITIONS UPON COOLING. 

[0002] 

Detailed Description The process of the present invention 
includes contacting colored polymeric materials with at least 
one ester solvent stripping composition under elevated 



temperature conditions so as to effect the release of a dye 
or other colorant from the surface of the polymeric material. 
The amount of the ester solvent stripping composition and the 
conditions under which the contacting takes place are selected 
so that the polymeric material does not undergo substantial 
destruction or degradation. the contacting step is most 
preferably performed at ambient pressure. a preferred practice 
of this invention utilizes the temperature dependence of the 
solubility of dyes in the ester solvent stripping compositions to 
effect separation of dyes from the ester solvent stripping 
compositions. at least a portion of colorants are preferably 
removed as particulate precipitates, thus allowing cost-effective 
recycling of the ester solvent stripping compositions. residual 
dissolved dyes or other colorants can be removed from the 
ester solvent stripping compositions of the present invention by 
prior art techniques such as adsorption, chemical 
transformation into less soluble chemical species, chemical 
destruction, or electrolytic coagulation. the residence time for 
contacting the colored polymeric material with an ester solvent 
stripping composition during the contacting step may be 
controlled to ensure the desired degree of color removal. 
Suitable residence times for the contacting step will depend upon 
the conditions of the contacting step. the preferred residence 
time is no greater than about 20 minutes, more preferably no 
greater than about 10 minutes. the contacting step in these 
embodiments may include a plurality of contacting stages 



wherein the colored polymeric material is contacted with an 
ester solvent stripping composition at each stage. one skilled in 
the art would appreciate that the residence time varies depending 
upon the temperature and other conditions in order to achieve 
the results of the present invention. the process of the present 
invention may further include a washing step, wherein any 
residual dye, colorant, or ester solvent stripping composition is 
removed. Suitable washing agents should at least partially 
solubilize residual dye, colorant or ester solvent stripping 
composition without harming the decolorized polymeric material. 
Washing agents should preferably be polar one or more polar 
liquids. Water, cyclic esters such as propylene carbonate or 
ethylene carbonate, c.sub.1 to c.sub.4 aliphatic alcohols, and 
mixtures thereof may be used. an after treatment wash with an 
aqueous 0.1% to 0.3% sodium hydrosulfite solution may also be 
employed to enhance final polymer color. the contacting step 
may be performed using a variety of techniques that will be 
apparent to one of ordinary skill in the art. such techniques 
include immersing the colored polymeric material in the ester 
solvent stripping composition, spraying an effective amount of 
ester solvent stripping composition onto the polymeric material, 
and other similar such techniques. further the contacting step 
may be carried out in lots in a batch-wise manner or it may be 
carried out in a continuous manner. in an especially preferred 
embodiment, dyed nylon fiber is contacted with the solvent 
composition disclosed in u.s. patent application 10/708,479 



auldin) at a temperature of at least about 130 degrees celsius 
for a period of up to about 10 minutes. a series of two or three 
sequential treatments can be employed to improve the final 
polymer product color. as will be apparent to one skilled in the 
art, the combined effect of temperature and the formulation of a 
suitable contacting composition can be used to control the 
processes of the present invention. thus variation and 
optimization of the contacting composition, and the temperature, 
time, and repetition conditions of the contacting process in order 
to maximize the decolorizing effect of the contacting composition 
are considered to be within the scope of the present invention. it 
should be noted that since the process is most preferably 
conducted at ambient pressure, ester solvent stripping 
compositions containing esters and alcohols that boil at 
relatively high temperatures are preferred. the following 
examples are included to demonstrate preferred embodiments of 
the invention. those skilled in the art should, in light of the 
present disclosure, appreciate that many changes can be made in 
the specific embodiments which are disclosed and still obtain a 
like or similar result without departing from the spirit and scope 
of the invention. example 1 a deep red surface-dyed nylon 6 yarn 
was cut into about 1 inch lengths and 10 grams of the yarn was 
placed into an erlenmeyer flask with 100 grams of a solvent 
composition prepared by admixing 100 grams of propylene 
Carbonate with 20 grams of Poly(ethylene terephthalate) yarn 
and heating the admixture to 230 degrees celsius for 15 minutes. 



The Nylon 6 yarn pieces were immersed in the ester solvent 
composition, heated to a temperature of 160 degrees celsius, 
whereupon solvent was separated from the nylon 6 fibers by 
filtration. the nylon 6 yarn pieces were visibly lighter in color 
and the ester solvent composition was observed have a strong 
red color. example 2colored nylon 6,6 carpet fibers 
recovered from post-residential carpet waste were obtained 
from a commercial broker of recycled thermoplastic materials. 
Ten grams of these fibers were selected to display at least four 
distinct colors including red, blue, beige, and brown; the fibers 
were placed into an erlenmeyer flask with 100 grams of solvent 
composed of 70 grams of propylene carbonate and 30 grams of 
"soygold 1000" methyl ester of soybean oil. the fibers were 
immersed in the ester solvent and heated to a temperature of 200 
degrees Celsius, whereupon solvent was separated from the 
Nylon 6,6 fibers by centrifugation. The fibers had assumed a 
uniform light gray appearance while the ester solvent 
composition was observed to have a brown coloration. example 
3surface-dyed nylon 6 carpet fibers were recovered from 
industrial commercial carpet waste. the fibers were deep blue in 
color. ten grams of these fibers were placed into an erlenmeyer 
flask with 100 grams of solvent composed of 80 grams of 
Propylene Carbonate and 20 grams of 2-Octanol. The fibers 
were immersed in the solvent and heated to a temperature of 130 
degrees Celsius, whereupon solvent was separated from the 
Nylon 6 fibers by filtration. The fibers had assumed an off-white 



COLOR. The solvent was observed to have a blue color. Upon 
cooling below 55 degrees celsius, the solvent separated into 2 
liquid phases with the greatest volume represented by the denser 
Propylene Carbonate phase. The 2-Octanol phase was observed 
to have a substantially darker blue color than the propylene 
Carbonate phase. While the compositions and methods of this 
invention have been described in terms of preferred embodiments, 
the present invention may be embodied in other specific forms 
without departing from the spirit or essential attributes thereof, 
and accordingly, reference should be made to the appended 
claims, rather than to the foregoing specification, as indicating 
the scope of the invention. 
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